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Abstract 
Grinding of an ore assists in liberating minerals from the lumps of primary ore and to facilitate easier transportation / handling 

in the downstream operations of a hydrometallurgical plant. It is the most energy intensive operation consuming 25-30% of the 

total energy input to the plant and thereby bears equivalent operating cost. Aim of the present study is to study the kinetics and the 

breakage mechanism of different types of feed by ultrafine dry grinding. The results of this experiment shows the change in the 

specific rate of breakage of material with respect to different size fractions and the energy requirement for different size fractions 

of feed. In comparison with rotary drum ball mill this consumes more energy for dry (feed) grinding. 
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1. INTRODUCTION 

Grinding is a secondary mechanical unit operation which is 

used to reduce the material into powder by impact and 

attrition forces. Sometimes compression may act between 

the balls and material. The product from a crusher is often 

fed to a grinder, reducing to finer products. 

Ultrafine grinding one of the mechanical unit operation 

which is used to reduce the material into very fine particles 

and the range of product is in micro meters. Usually the feed 

for the ultrafine grinder is the product of the ball mills. The 

main principle used in the ultrafine ball is attrition and 

impact forces between the material, medium and between 

the particles.  

Gao et al [I] found that by increasing the power the size 

reduction was accelerated dramatically with small changes 

to the energy efficiency of the process. Shinohara et al. [2] 

investigated the fine grinding characteristics of hard 

materials by means of the attrition mill. Schwarz and 

Seebach , (3) reported the ultrafine grinding  requires 30% 

to 50% of the energy of conventional ball mills for the same 

size reduction task on cement clinker.  

Bowdish (4) studied the effect of change in ball size, for the 

same total weight of balls, on the kinetics of batch grinding. 

He confirmed that the rate equations which described the 

breakage process were first order and measured the effect of 

change in ball size on the rate constants for different sizes of 

limestone. He detected some deviations from first order 

kinetics and observed that the size distribution of the 

undersize material, formed by progressive breakage, had an 

influence on the rate constants. 

Hukki (5) has shown that the increase in surface area of 

cement per unit of energy input decreases as the material 

becomes very fine and, eventually, further grinding 

produces virtually no increase in surface area. This 

phenomenon has been variously explained as due to the 

reforming of particles by a briquetting action, coating of the 

bails with an adherent layer of soft powder, a cushioning 

action of the bed of fine powder, or even a very high 

strength of small particles. 

Lichter et al, (6) investigated that in ball mills, motion is 

imparted to the media by rotation of the mill shell. The 

speed of rotation is limited by the critical speed at which the 

media would centrifuge. Ball mills use steel media of the 

range 20 to 50mm for finer grind sizes. Ball mills have the 

disadvantages of poor energy efficiency, high sliming, large 

footprint and contamination of the product with steel media 

when compared to stirred mills. 

 

2 EXPERIMENTAL 

2.1 Materials  

Solid red brick was taken as the feed and was subjected to 

jaw crushing and later into ball mill grinding machine. Later 

the grinded ore of brick powder was classified into various 

size fractions by dry sieving using the gyratory motion. The 

sieve fractions used in the present study for ultrafine 

grinding are given in Table 2.1.  

 

Table -2.1: Different sieve fractions used for ultrafine dry 

grinding experiment same of the Table 

Sieve size  Weight(g) 

-100+140 80 

-170+200 70 

-230+270 

 

80 

-325+400 70 
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2.2 Experimental Set Up  

2.2.1 Ultrafine Ball Mill 

Ultrafine ball mill equipped with Nob to adjust the rpm and 

time required to grind the material. 50ml of bowl/pan is used 

as a container for the material to be grinded. Mechanical 

clamp are provided to hold the bowl so that the grinding 

material is intact so that spillage of material can be 

constrained. The below figure depicts the laboratory 

ultrafine ball mill. 

  

 
Fig -1: Ultrafine ball mill 

 

2.2.2 Sieve Shaker 

Sieve shaker comprising a series of stacked sieves 

maximum up to 400 micro meters, having gyratory motion 

control and holding rods to hold the sieves. 

 

3. EXPERIMENTAL METHODOLOGY 

3.1 Sample Preparation 

Brick powder was grounded and sufficient amount of 

material as described above of each 4 different size fractions 

-100+140, -170+200, -230+270, -325+400 were obtained by 

dry sieving of the above material. 

 

3.2 Grinding Procedure 

Each fraction was ground individually and batch wise for 

short time periods as shown in Table no. 3.2.  The grinded 

product was withdrawn from the ultrafine ball mill at the 

end of each time period, sieved on lower mesh and the % 

retained on the sieve was noted. 

 

Table -3.2: Grinding time periods at which % retained on 

lower mesh was determine 

 

Grinding 

time(min) 

 

0 

 

 

3 

 

6 

 

9 

 

12 

 

4. RESULTS  

Results of experiments carried out are given in Table no. 

4.1. W1(0) = fraction of weight retained on lower mesh at 

time 0 min. W1(t) = fraction of weight retained on lower 

mesh at time t. Suffix 1 denotes the size fraction. Four sieve 

fractions were studied in the present investigations. 

 

Table 4.1: Results of grinding of -100+140 mesh size 

time 

Wt retained 

on lower 

sieve 

W1(t)

W1(0)
 𝐿𝑜𝑔

W1(t)

W1(0)
 

0 30 1 0 

3 27 0.9 -0.05 

6 26 0.87 -0.06 

9 24 0.8 -0.10 

12 22 0.73 -0.14 

15 20 0.67 -0.17 

 

The results are plotted in Fig no. 4.1 to determine specific 

breakage rate of grounded material. 

 

Chart no.4.1 First order plot for batch grinding of size 

fraction -100+140 

 

Chart no.4.2 First order plot for batch grinding of size 

fraction -170+200 
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Chart no.4.3 First order plot for batch grinding of size 

fraction -230+270 

 

Chart no.4.3 First order plot for batch grinding of size 

fraction -325+400 

 

The specific breakage rates determined in all the above 

combinations of grinding are summarized in Table no. 4.5 

 

Size 

fraction 

Diameter 

(dp) 

Si Log(dp) Log(Si) 

-100+140 0.13 0.03 -0.89 -1.48 

-170+200 0.08 0.11 -1.09 -0.96 

-230+270 0.06 0.16 -1.23 -0.80 

-325+400 0.08 0.07 -1.09 -1.15 

 

The results of specific rate of breakages of above 

experiments are plotted in the Fig no. 4.5 

 
 

Chart no.4.5 Selective breakage indices for different 

grounded ores. 

 

3. CONCLUSIONS 

Dry grinding of the given brick powder follows the first 

order kinetics there by increasing the specific rate of 

breakage values as we increasing the feed size. The first 

ordered kinetics follows the equation as shown below. 

 

 

𝑊1(𝑡)

𝑊1(𝑂)
=  𝑒−𝑆𝑖 .𝑡  ↔ 𝐿𝑜𝑔 

𝑊1 𝑡 

𝑊1 𝑂 
 =  −𝑆𝑖. 𝑡 

 

Where, 

w1 (t) is the weight fraction of mill hold up at time t. 

Si is proportionality constant and is called specific rate of 

breakage with units of time
-1

. 

 

The selection function for each size class, Si, presents a 

proportionality relationship with the power consumed by the 

grinding as per the below equation 

Si = Si
E 

(
 P/H

) 
Where,  

 Si (h
−1

) is the selection function for each size class, 

 SiE (t/kWh) is the energy specific selection function, 

 H(t) is mill holdup and P(kW) is net grinding power. 

 

When we plot a graph between Log (W1 (t)/W1 (0)) vs. 

grinding time, the results shows straight lines passing 

through the origin and slope of the curve at any time is same 

which inferences that the data follows the first order kinetics 

from which the Slope of the curve can be evaluated which in 

turns determines the specific rate of breakage (Si). From the 

first order kinetics we can easily find out Si values and it is 

easy to study the relationship between the energy 

consumption of the mill which is also given as per the 

bond’s work index law. 

 
𝐸

𝑢𝑛𝑖𝑡 𝑚𝑎𝑠𝑠
 = 𝑊𝑖(

1

 𝐷𝑝
−

1

 𝐷𝑓
 ) 

Where, 

Wi= work index of the material. 

Dp = volume mean diameter of the product. 

Df = diameter of the Feed. 
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As the particle size decrease more energy is required to 

grind the material, specific rate of breakage is increases after 

some particular size specific rate of breakage is decreasing 

because as the particles are become small and small no 

grinding is taking place. Specific rate of breakage is mainly 

depends on the how fast the material can break. 

 

We can also observe from the experimental work that there 

is a decrease in specific rate of breakage after some 

particular size fraction or threshold size fraction 

 

In the future scope of work we can draw a comparison 

between the dry grinding and wet grinding keeping the same 

parameters and provide constructive data of consumption of 

energy.One should take care of the product during the very 

fine product size as it is very difficult to sieve due to 

plugging of particles and loss of product also accounts. 
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